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Abstract— Exploring buildings’ thermal behavior is necessary to predict occupants’ comfort, to 
identify energy consumption, and to examine alternate enhancements for achieving better indoor 
thermal environments and energy efficient buildings. This paper intended to examine thermal 
comfort and thermal performance of houses reconstructed by the United Nations Relief and Works 
Agency (UNRWA) in refugee camps in Palestine. Computer thermal simulation was employed as a 
main method.  Two groups of houses- old and new- were simulated and assessed. It was revealed 
that the old houses are colder in winter and hotter in summer and the swing in resultant 
temperature (RT) in the old house is greater than that in the new houses. In old houses, RT 
fluctuates from (8- 19 oC) in winter and from (22-36 oC) in summer. Internal gain is the highest 
percentage of heat gain in the majority of the new houses, while fabrics loss represents the highest 
percentage of heat loss. The highest percentage of heat loss in the majority of the old houses is the 
Infiltration/Ventilation loss. In terms of fabrics breakdown, in the majority of new houses, walls 
loss is the highest fabrics loss in winter while roof gain is the highest fabrics gain in summer. In 
old houses, heat loss and heat gain through roofs are the highest in winter and summer 
respectively. It can be indicated that the UNRWA obviously improved the houses’ thermal 
performance but the indoor thermal conditions in the new houses still need more modification. 
Index Terms— Orientation, building massing, thermal performance, energy efficiency, Gaza strip. 
 
I. INTRODUCTION  
It is essential for building designer to provide 
appropriate indoor thermal conditions for hu-
man thermal comfort in order to attain healthy, 
productive, and effective environment in build-
ings. A good thermal environment is important 
to the success of a building, not only because it 
will make its occupants comfortable, but also 
because it will decide its energy consumption 
and thus influence its sustainability in terms of 
energy [1]. The thermal behavior of a building 
has the greatest effect on energy use and sus-
tainability [2, 3]. Therefore, it is essential that 
thermal comfort in buildings parallel to energy 
savings is taken into serious consideration. 
The refugee camps in Palestine have one of the 
highest population densities in the world ex-
ceeds 77,000 persons per km2. This high popu-
lation density is reflected in the overcrowded 
urban environment of the camps. The alleys 
inside the camps are narrow, sometimes only a 
0.6 meter wide. Urban density is a major factor 
that influences the urban ventilation conditions 
as well as the urban temperature [4]. Urban 
density and lack of land and space are the key 
factors limiting the achieving of indoor thermal 
comfort conditions and make it difficult to find 
suitable design [5]. In hot humid climate, the 
urban structure should be scattered and loose in 
order to channel winds through the streets and 
inside buildings. Refugee camps in Gaza strip, 
Palestine are located in hot humid climate. 
Therefore, under the crowded and stressful 
urban environment, the houses in refugee 
camps can experience uncomfortable indoor 
thermal environment. Moreover, the cost of 
energy is high in Palestine and it is the most 
expensive in all countries in the Middle East. 
In order to improve houses’ conditions in 
camps, the United Nations Relief and Works 
Agency (UNRWA) for Palestine Refugees has 
been promoting house reconstruction program 
for Special Hardship Cases (SHC) families all 
over the camps [6]. The UNRWA has recon-
structed SHC houses according to criteria, 
which have been developed by a team of archi-
tects and engineers in view of the UNRWA 
experience in the field of house rehabilitation 
program, in order to have functional, safe and 
comfortable houses [7]. Since the houses in 
refugee camps are influenced by a wide range 
of complicated factors including dense urban 
environment and economic limitations, the 
design of these houses is more difficult.  
This study intended to investigate the thermal 
performance of the SHC houses in Jabalia ref-
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ugee camp in Gaza Strip, Palestine. Both 
groups of SHC houses were considered and 
simulated; the houses which are not recon-
structed by the UNRWA yet (referred to as old 
houses) and the houses which already were 
reconstructed by the UNRWA (referred to as 
new houses). Studying two groups of houses, 
old and new, was expected to help assessing 
the value of improvement in houses’ thermal 
performance and occupants’ thermal comfort 
that has already taken place by the UNRWA 
and to bring greater comprehension of parame-
ters that still need more enhancements. 
 
II. METHODS 
Computer thermal simulation using Thermal 
Analysis Software (TAS) was employed to 
examine thermal performance of 20 existing 
houses. Thermal comfort is also predicted in 
these houses. As computers can run the most 
sophisticated calculations, computer simulation 
became a powerful tool to analyze dynamic 
thermal performance of buildings. Computer 
simulation is significantly constructive when 
measurement methods are too expensive or not 
available. Several thermal modeling programs 
are available in the market ranging from simple 
to comprehensive ones. TAS is a software 
package for the thermal analysis of buildings 
which includes a 3D modeler, a thermal/energy 
analysis module, a systems simulator and a 2D 
CFD package. It is the most comprehensive 
thermal simulation tool of a building, and a 
powerful design tool in the optimization of a 
buildings environmental, energy and comfort 
performance [8]. TAS has been used by various 
researchers to assess the effect of various de-
sign configurations on thermal performance of 
buildings [9-19].  
A. Description of the houses 
Ten new houses and ten old houses were se-
lected from 155 surveyed houses in such a 
manner to allow for diverse houses to be se-
lected in terms of factors affecting their thermal 
performance including the number of floors, 
the floors’ areas, the number of occupants, the 
number of rooms, and the building materials, in 
addition to the site layouts with the surrounding 
buildings’ height. The existence of courtyards 
and their types were considered when selecting 
the old houses. The sample of the new houses 
included ten two-floor houses in which the area 
of the first floor of two houses of them is 
smaller than the area of the ground floor. Six 
houses in the sample had sliding glazing win-
dows while the other four houses had hinged 
glazing windows with wooden louvered exteri-
or shutters. Roofing materials in all SHC new 
houses are flat concrete slab; however, corru-
gated iron existed in five selected houses where 
it was used to cover staircases. Terrazzo tiles 
were utilized for flooring in all SHC new hous-
es; but seven selected houses had ceramic tiles 
where generally used in kitchens and bath-
rooms. The sample of the old houses includes 
nine one-floor houses and only one house com-
prising two floors. It is worth to highlight that 
the vast majority of the old houses are one-
floor. Four types of windows (plastic louvered-
wooden-glazed-steel), and two types of wall 
materials (concrete block-sand block) were 
included in old houses sample. The majority of 
roofing was asbestos and corrugated iron; how-
ever, concrete roofs were mostly used for lim-
ited particular spaces. 
Furthermore, the site layouts of the houses in-
cluding the surrounding and the adjacent build-
ings’ heights and orientations, and the streets 
width, were essential factors in drawing a sam-
ple of diverse houses. 
B. Fieldwork 
The fieldwork was applied on the selected 
houses in order to gather data which were cru-
cial inputs for thermal simulation including 
houses’ site and geometry, construction materi-
als, equipment used, and schedules for aper-
tures. 
C. Input data for simulation 
The accuracy of the results of the simulations 
changes as a function of the quality of the input 
data and basic assumptions supplied [20-22]. 
TAS was used for analysis of SHC houses con-
sidering all possible sources of input data that 
required for the simulation. The difficulties in 
obtaining model inputs for SHC houses are a 
major obstacle particularly with regard to 
houses geometry, construction material, inter-
nal gains, and weather data. Many of required 
data for modeling are gathered during field-
work as clarified earlier 
Construction materials of house’s elements 
comprising walls, roofs, floors, windows, and 
doors were identified through the fieldwork 
survey, and their main thermal properties were 
obtained from the UNRWA reports and Pales-
tinian Code of Energy Efficient Buildings [23]. 
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Internal gains: Over/under estimation of total 
internal gains and occupancy levels can seri-
ously affect results [24]. Internal gains in the 
studied houses were estimated as watt per me-
ter square as required by TAS. Internal gains 
include occupants gain, equipment gain and 
lighting gain. Average occupants gain was es-
timated using occupant gains provided by 
CIBSE for seated moderate work activity [22]. 
Afterwards, occupants gain was calculated by 
multiplying the number of each house’s occu-
pants with the estimated average occupant gain 
(83.6W sensible and 46.4 W latent) then divid-
ed by each house’s area. Besides, any equip-
ment used in each space in the houses such as 
TV, refrigerator, cooker, etc, was reported dur-
ing the survey. Usage ratio for each machine 
was estimated taking the number of occupants 
into consideration. Then usage ratio was multi-
plied with the sensible and the latent heat gain 
for each machine which provided by CIBSE 
[22, Pages 6-11] and Kreider [25, pages 6-19]. 
Equipment gain for each space in the house 
was calculated by divided total gain by the area 
of that space.  
For lighting gain, it was found that the most 
common types of light bulbs used in SHC 
houses are 80-100W tungsten lamp, and fluo-
rescent tube lamp. In addition, circular globes 
and compact fluorescent lamps are used in 
some rooms in few houses particularly the new 
SHC houses. By considering these types of 
light bulbs and the area of the houses, lighting 
gain was set at 10 W/m2 as an average. Sched-
ules for turning on lights during summer and 
winter are established and applied for every 
house depending on the data obtained by the 
survey. 
Apertures schedules for all windows and doors 
in the houses are one of the required input data 
for the simulation using TAS. Schedules for 
both summer and winter were prepared and 
entered in the program for each house. The 
schedules include the times of opening every 
window and door through 24 hours, and the 
percentage of opening. These data are gathered 
through the fieldwork where it was found that 
the percentage of occupants who open win-
dows in the morning rises gradually reaching 
its peak at 10-12 am, where it approximately 
leveled off till the evening. Afterwards, occu-
pants start closing windows where the percent-
age of opening windows starts to drop steadily 
reaching the minimum during the night.  
Weather data was obtained for Bayt Dajan 
weather station 32oN 34.82oE which is located 
in the north of Jabalia camp in the coastal area 
in Palestine which is classified as hot humid 
zone. According to mean temperature of thirty 
years recorded weather data, the coldest month 
is January while July and August are the hottest 
months, where solar radiation is greater in July 
than in August. Therefore, the coldest day in 
January and the hottest day in July, in terms of 
average temperature, are selected to represent 
the coldest and hottest day respectively. 
D. Simulation and thermal performance 
Thermal performances of the 20 selected new 
and old houses were simulated and analyzed 
through the prediction for; internal tempera-
ture, humidity, predicted mean vote PMV, loads 
breakdown, and fabrics load. 
Temperature 
Air temperature is considered as the most sig-
nificant ambient factor which affects the level 
of human comfort; and mean radiant tempera-
ture has also a significant effect on human 
thermal comfort. Therefore, resultant tempera-
ture (which is equal 0.5 mean radiant tempera-
ture + 0.5 dry bulb temperature) for main spac-
es in each house is predicted in a summer and 
winter day. 
Relative humidity 
The high relative humidity in hot-humid re-
gions is a typical climatic problem in this sort 
of regions and it is one of the environmental 
factors that affects human thermal comfort. 
Therefore, relative humidity RH for the main 
spaces in the houses is also estimated in sum-
mer and winter. 
Predicted mean vote (PMV) 
Predicted mean vote (PMV) was calculated for 
the main spaces in the houses using TAS. The 
parameters of metabolic rate, air velocities, and 
clothing are required to be entered by the user 
of the program for calculating the PMV, where 
other parameters such as temperature and hu-
midity are calculated by the TAS itself. A sin-
gle value is required to be set for metabolic rate 
and a range of two values are required to be set 
for air velocities and clothing. A metabolic rate 
of 1.2 met, which is the value for sedentary 
activity [26], was set to calculate PMV in the 
studied houses. The lower clothing value was 
set 0.5 clo (which is for light summer ensem-
ble), and the upper clothing value was set 1 clo 
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(which is for typical indoor winter ensemble) 
[27]. As the studied houses are located in a 
crowded built environment, internal air speed 
was set 0.1 to 0.3 m/s, where 0.1 m/s is classi-
fied as “not noticeable airflow” and 0.3 m/s is 
classified as “barely noticeable airflow”. 
Loads breakdown 
Load is breakdown by TAS into nine types as 
following: (1) External Conduction Opaque, 
(2) External Conduction Glazing, (3) Air 
Movement which represents heat gained via 
inter-zone air flows arising from specified air 
movement flows and aperture flows, (4) Infil-
tration Ventilation Gain which represents the 
heat gained (or if negative lost) by the zone due 
to the exchange of air between the zone and the 
external environment. This air exchange may 
arise from air flows specified under infiltration 
or ventilation in the internal conditions, from 
specified air movement, or from aperture 
flows, (5) Lighting Gain , (6) Occupant Sensi-
ble Gain, (7) Equipment Sensible Gain, (8) 
Solar Gain through transparent components, 
and (9) Building Heat Transfer which repre-
sents the sum of heat gains from two sources; 
heat entering the zone from a link, null link or 
internal building component, and heat released 
into the zone which had been temporarily 
stored in the air. 
Loads breakdown is analyzed for every house, 
in both a summer and a winter days. All types 
of internal gains including lighting, occupants, 
and equipment are gathered under Internal 
Gain category. Further, External Conduction 
Opaque and External Conduction Glazing are 
gathered under Fabric Gain category. By this, 
loads breakdown is presented in a simpler 
manner (in six categories instead of nine cate-
gories). 
DFabrics loss/gain  
Fabrics loss/gain has great impact on thermal 
comfort and thermal performance of SHC 
houses. Heat loss/gain through any specific 
surface can be calculated separately by TAS 
through Surface Filter outputs. This ability was 
utilized to analyze thermal performance of var-
ious houses’ elements, where heat flow was 
calculated for each surface, then gathered in 
accordance with the classification of compo-
nents, i.e. walls, roofs, floors, and windows. In 
addition, thermal performance of windows is 
analyzed through calculating solar gain as well 
as glazing conduction. 
III. ANALYSIS AND DISCUSSION 
The analysis results of the 10 new houses and 
the 10 old houses are gathered in figures in a 
brief manner and discussed together.   
A. Thermal performance of new houses 
Temperature 
The average resultant temperatures RT of the 
main spaces of each new house (H1 to H10) are 
calculated at every hour of a summer and a 
winter days (see figure 1). In winter, average 
RTs in all houses (H1 to H10) are approximate-
ly similar and range between 13 and 17 oC. 
Comparing with external temperature, average 
RT in all houses is slightly lower or similar to 
external temperature at the mid of the day, ap-
proximately between 10:00hr and 16:00hr, 
while it is higher than the external temperature 
during the rest of the day and during the night. 
In summer, average RTs in all houses range 
between about 25 and 34 oC. Comparing with 
external temperature, average RT in all houses 
is lower than external temperature during the 
daytime and higher during the night. The max-
imum difference between external temperature  
and RT is about 4 oC during the daytime and 
about 10 oC during the night. Overall, internal 
temperature in the ten new houses is out of the 
comfort zone; where the houses are cold in 




















Figure 1: Resultant Temperature RT in new houses 
 
Relative humidity RH 
 In winter, averages RH of houses (H1 to H10) 
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overall range from about 70% to 90% during 
the night and range from 50% to 60% at the 
mid of the day. Comparing with outside RH, 
average values of  internal RH of the houses 
are almost higher than outside RH during the 
daytime, while they are lower than outside RH 
during the night. Besides, discrepancy between 
inside and outside RH is more obvious during 
the night. In summer, trends of averages RH 
inside houses are approximately similar to 
those in winter; however, RH is overall lower 
in summer. At the peak, averages RH of houses 
range from about 60% to 80%, while they 
range from 20% to 30% at their minimum (see 
figure 2). 
Overall, it is observed that RH inside houses is 
generally influenced with times of opening 
windows, where internal RH is quite similar to 
outside RH when windows are opened during 
the daytime and lower than outside RH during 
the night where occupants almost close win-
dows.  
Predicted mean vote (PMV) 
The maximum and minimum PMV are esti-
mated through a whole year in the main spaces 
of each house. The results revealed that the 
maximum calculated PMV in the houses ranges 
from (+1.8) to (+3), and the minimum PMV 
ranges from (-1.7) to (-3). The minimum and 
the maximum PMV of all spaces are estimated 
in winter and summer respectively. 
Loads breakdown 
To get a clearer picture about loads breakdown, 
the percentages of loads breakdown are com-
puted for every house in both a summer and a 
winter days as follows. From the hourly loads 
which are provided by TAS, positive values of 
loads (heat gain) and negative values of loads 
(heat loss) are summated separately for each 
category of load. Then the total heat gain and 
the total heat loss in a winter and a summer 
days are calculated. By this, the percentage of 
gain for each category and the percentage of 
loss for each category are computed. It should 
be mentioned that the total heat loss through 
the day is equal the total heat gain as the hous-
es are naturally ventilated with no heating or 
cooling. Percentages of loads breakdown in all 
houses in both a summer and a winter days is 
provided in figure 3. Several observations from 
the figure can be concluded about thermal per-
formance of the new houses. In winter: The 
highest percentage of heat loss in all houses, 
excluding house no.2 (H2), is Fabrics loss, 
which ranges from 53% to 76%, while Internal 
gains generate the greatest percentage of heat 
gain which ranges from 39% to 85%. Loads 
breakdown of house no.2 is different from that 
of other houses because one of its zones is a 
courtyard, i.e. external zone. Therefore, house 
no.2 has the greatest solar gain and greatest 
ventilation loss among the other houses in both 
summer and winter. In summer: The highest 
percentage of heat gain in all houses, excluding 
H2, is the Internal gain, which ranges from 
32% to 73%. Infiltration/Ventilation gain in all 
houses represents only 6% to a maximum of 
18% of total gain. Fabric gain is found in sev-
en houses and represents only 1% to 8% of the 
total heat gain in these houses. In terms of heat 
loss in summer, Infiltration/Ventilation loss 
ranges from 15% to 43% of heat loss in all 
houses, and represents the highest percentage 
of heat loss in three houses (H2, H6, and H9). 
To sum up, fabrics loss almost represents the 
highest percentage of heat loss in winter in vast 
majority of houses and about 22 to 64 percent 
of heat loss in summer. From this analysis, it 
could be argued that modifying thermal per-
formance of these houses by using thermal 
insulation could distinctly improve thermal 
comfort in winter but it may reduce heat loss in 
summer.  













a. in a winter day  Time 
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 Figure 3: Percentage of loads breakdown in new houses
A slight fabrics gain takes place in some houses 
in summer representing only a maximum of 8% 
of heat gain which can be explained by the fact 
that the studied houses are located in crowded 
built environment and shaded mostly by the 
surrounding buildings. Internal gain represents 
the highest percentage of heat gain in vast ma-
jority of houses in both summer and winter 
Fabrics loss/gain  
The percentages of heat loss/gain of the various 
fabrics’ components are computed for every 
house in both a summer and a winter days. It 
should be mentioned that, in all houses, the 
magnitude of total fabrics loss in both a sum-
mer and a winter days is significantly greater 
than the total fabrics gain.  The percentages of 
loss and gain of the various fabrics’ compo-
nents of the all houses are presented in figure 4 
(negative percentage in the figure means the 
heat loss). In winter: Heat loss through walls is 
the highest in all houses and represents 44% to 
71% of total fabric loss, followed by heat loss 
through roofs (17% to 41%), except in H7 
where glazing loss is higher. In terms of fabric 
gain, floors gains are the highest in all houses 
and represent 54% to 90% of total fabric gain.  
This could be explained by the fact that, in 
winter, the temperature of the ground is higher 
than the external air temperature. It should be 
mentioned also that in TAS calculations the 
external surface temperature of the ground 
floor is assumed to be equal to the groundwater 
temperature. Therefore, in the simulation by 
TAS a layer of 1000mm soil should be consid-
ered in the composition of the floor which is 
placed on the ground. In summer: Heat loss 
through walls is the highest and represents 46% 
to 68% of total fabric loss, followed by heat 
loss through floors (19% to 36%), except in H2 
where floors loss is higher than walls loss. In 
terms of fabric gain, roof gain ranges from 24% 
to 77% of fabric gain and represents the highest 
percentage of fabric gains in majority of hous-
es. 
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B. Thermal performance of old houses 
Temperature 
In winter: Resultant temperatures in all houses 
are quite similar with a maximum discrepancy 
of about 4oC. It is observed that temperature 
swing in the old houses is relatively high and 
range from about 4-18 oC. This can be ex-
plained by the low thermal mass in old houses 
particularly the roofs where the roof materials 
are almost asbestos or corrugated iron sheets, 
in addition to the great thermal conductivity of 
the corrugated iron sheets.  The results also 
indicate that swings in houses without court 
yards (from about 4 to 8 oC) are lower than 
those in houses comprising courtyards (H11, 
H12, H13, H14, and H15) (from about 9 to 18 
oC). This is due to that the courtyard is an open 
space and its temperature is similar to the ex-
ternal temperature whose swing is about 13oC. 
Comparing with the external air temperature, 
RT in all houses is higher than the external 
temperature during the night. At the mid of the 
day, RT in houses without courtyards are slight-
ly lower than the external temperature, while 
RT in courtyard houses is slightly higher than 
the external temperature. This is due to the ex-
posure of the courtyards to solar radiation 
which reaches its peak at the mid of the day 
(see figure 5). In summer: Trends of resultant 
temperatures are similar to those in winter. Av-
erage RT in each house is higher than the aver-
age external temperature with about 2 to 4oC.  
Overall, internal temperature in old houses 
ranges from about 7-18oC in winter and from 
about 21- 37oC in summer. This means that the 
houses are cold in winter and hot in summer as 
the temperature is out of the comfort zone most 
of the time. Besides, internal temperature in the 
old houses fluctuates significantly which is 
mainly explained by the low thermal mass and 
the great thermal conductivity of the roofs. 
Figure 5: Resultant Temperature RT in old houses 
Relative humidity 
In winter, averages RH of the houses overall 
range from about 70% to 95% at their maxi-
mum during the night, and range from 45% to 
55% at their minimum at the mid of the day. 
RH inside the houses is almost stable during 
the night, while it falls sharply during the day-
time reaching its minimum at the mid of the 
day, then rises up. Comparing with the outside 
RH, discrepancy between the inside and the 
outside RH is more obvious during the night. 
In summer: Trends of averages RH inside the 
houses are approximately similar to those in 
winter; however, RH is overall lower in sum-
mer. Averages RH of the houses range almost 
from (70% to 80%) at their peak during the 
night, while they are ver close at their mini-
mum and range from 16.7% to 19.7%.  
Predicted mean vote (PMV)  
The maximum estimated PMV in the houses 
ranges from (+1.95) to (+3), and the minimum 
PMV ranges from (-1.66) to (-3). It is also ob-
served that the maximum PMV in room1 (R1) 
of house11 (H11) and in R1 and R2 of H17 is 
relatively lower than that of the other spaces, 
and the minimum PMV in these rooms is high-
er than that in the other spaces. This could be 
explained by that the roof of these rooms is 
concrete slap whose thermal conductance (3.1 
W/m2.oC) is significantly lower than that of the 
corrugated iron roofs (999.99 W/m2.oC) and the 
asbestos sheets roofs (72 W/m2.oC) which are 
used to cover the other spaces. 
 Loads breakdown 
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in the houses without courtyards (H16, H17, 
H18, 
 H19, and H20) is the Internal gain, which 
ranges from 37% to 66% of total heat gain in 
these houses. Besides, Solar gain in these 
houses is low and represents 3% to 16% of heat 
gain. In contrast, Solar gain ranges from 29% 
to 57% of heat gain in the rest houses which 
comprise courtyards, and represents the highest 
percentage of heat gain in three of them (H11, 
H13, and H14). In terms of heat loss in winter, 
Infiltration/Ventilation loss ranges from 30% to 
62% of heat loss in all houses and forms the 
highest percentage of heat loss in six houses. 
Besides, heat loss through Fabrics ranges from 
12% to a maximum of 49% and represents the 
highest percentage of heat loss in H16 and 
H18.  
In summer: The highest percentage of heat 
gain in the houses comprising courtyards is 
Solar gain, which ranges from 49% to 74% of 
total heat gain in these houses.  Internal gain 
generates the highest percentage of heat gain in 
four of houses without courtyards ranging from 
40% to 57%. Air Movement represents the low-
est percentage of heat loss in all houses ranging 
from 2% to 11% . 
Fabrics loss/gain  
It should be mentioned that all exposed win-
dows in old houses are not made from trans-
parent materials; therefore there is no solar gain 
through windows. Magnitudes of fabrics 
loss/gain through various components of all 
houses is provided in figure 6. In winter: Heat 
loss through roofs is the highest in all of hous-
es, excluding H17 and H11, and represents 
50% to 77% of total heat loss, while walls loss 
forms 16% to 51% and represents the highest 
percentage of heat loss in H17 and H11. This 
can be explained by that roof materials in the 
majority of the main spaces in H17 and of a 
room in H11 are hollow concrete slabs, while 
roof materials of all main spaces in the rest 
houses are corrugated iron sheets or asbestos 
sheets. In terms of heat gain in winter, floor 
gain forms the majority of heat gain in all 
houses representing from 55% to 98% of heat 
gain. In summer: the highest percentage of 
heat loss is the floor loss in five houses and the 
roofs loss in four houses.  In terms of heat gain 
in summer, the majority of heat comes in 
through roofs in all houses, excluding H11, 
constituting 49% to 82% of heat gain in these 
houses. It is also observed that heat loss and 
gain through floors are almost greater in houses 
comprising courtyards. This could be explained 
by that the air temperature in the courtyards is 
similar to the outside temperature affecting the 
internal surface temperature of the courtyard’s 
floor. 
 Figure 6: Percentage of fabrics loss/gain in old houses  
C. Comparison between old and new hous-
es 
Thermal performance of old houses is contrast-
ed with that of new houses through comparing  
temperature, humidity, PMV, loads breakdown, 
and fabrics loss/gain of both groups of houses. 
Temperature and humidity 
Average resultant temperature for all old house 
was calculated and compared with average 
resultant temperature of all new houses. In 
winter,  the maximum swings in temperatures 
in new houses (about 2 oC) is lower than that in 
old houses (8 oC), while maximum swings in 
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a. in a winter day 
IEC6-2016/ Sanaa Y. Saleh  





































b. in a summer day  
12.8 oC. As a daily average, mean temperature 
of new houses in a winter-day (14.7 oC) is 
higher than that of old houses (12.4 oC) with 
about 2.3 oC difference. In summer: the 
maximum swing in temperatures in new houses 
(about 5 oC) is lower than that in old houses 
(11.6 oC). Besides, temperature in old houses is 
higher than that in new houses during the day 
and is lower during the night. (see figure 7). 
Average relative humidity of all new houses is 
similar to that of old houses in both summer 
and winter, with very slight differences. 
Predicted mean vote (PMV) 
Mann-Whitney U test is applied to compare 
PMV in old house with PMV in new houses as 
PMVs of old houses are not normally distribut-
ed. The test revealed a statistically significant 
difference in PMV for old SHC houses (n=50) 
and PMV for new SHC houses (n=49), in both 
summer and winter (ρ<.001). In summer, PMV 
for old houses (Md=2.93) is higher than PMV 
for new SHC houses (Md=2.36). In winter, 
PMV for old houses (Md=-3) is lower than 
PMV for new SHC houses (Md=-2.38). This 
means that old houses are hotter in summer and 

















Figure 7: Average resultant temperature of all old and 
new houses 
Loads breakdown 
 Percentages of loads breakdown of total load 
in all new houses are computed and compared 
with those of old houses. The comparison was 
conducted for both a summer and a winter 
days. In winter: Findings indicates that the 
majority of heat in new houses is the Internal 
gain forming about 60% of total heat gain, 
while Internal gain in old houses forms about 
29% of total heat gain. In terms of heat loss in 
winter, Fabrics loss is the highest percentage of 
heat loss in new houses which constitutes about 
56%, while it represents 16.6% of the total heat 
loss in old houses. Moreover, 
Infiltration/Ventilation loss is the highest 
percentage of heat loss in old houses and 
constitutes about 55%, while it represents 30% 
of total heat loss in new houses.  
In summer: It is revealed that the highest 
percentage of heat gain in new houses is 
Internal gain (about 47%), followed by Solar 
gain (about 21%). In contrast, the highest 
percentage of heat gain in old houses is Solar 
gain (about 47%), followed by Internal gain 
(about 18%). In terms of heat loss in summer, 
Fabrics loss forms about 34% and 27% of heat 
loss in new and old houses respectively and 
represents the highest percentage of heat loss in 
new houses. Infiltration/Ventilation loss forms 
about 33% and 37% of heat loss in new and old 
houses respectively and represents the highest 
percentage of heat loss in old houses. The 
lowest type of heat loss in both groups of 
houses is Air Movement which constitutes 
around 8% and 4.5% of heat loss in new and 
old houses respectively  
Fabrics loss/gain 
Percentages of loss/gain for various compo-
nents (walls, roofs, walls, and windows) of 
total fabrics loads in all new houses are com-
puted and compared with those of old houses. 
In winter: As there are no glazed windows in 
old houses, solar gain through glazing is exist-
ent only in new houses representing about one-
quarter of fabrics gain in these houses. In terms 
of heat loss in winter, walls loss is the highest 
percentage of fabrics loss in new houses (about 
61%) while the highest percentage of fabrics 
loss in old houses is roofs loss (about 65%).  
In summer: The highest percentage of fabrics 
gain in both old and new houses is roof gain 
which forms about 68% and 43% of fabrics 
gain in old and new houses respectively.  
 
V.  CONCLUSION 
Thermal performances of the selected samples 
of both old and new houses in Jabalia refugee 
camp in Palestine were analyzed using thermal 
modeling program (TAS). It was revealed that, 
in old houses RT fluctuates from about (8- 19 
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oC) in winter and from (22-36 oC) in summer. 
The maximum PMV in the old houses ranges 
from (+2) to (+3), and the minimum PMV 
ranges from (-1.7) to (-3). Furthermore, heat 
loss through roofs in winter is the highest fab-
rics loss in the majority of the old houses, 
while roofs gain in summer is the highest fab-
rics gain.  
In the new houses, resultant temperature (RT) 
fluctuates from (13-17 oC) in winter and from 
(25-34 oC) in summer. The maximum PMV in 
the new houses ranges from (+1.8) to (+3), and 
the minimum PMV ranges from (-1.7) to (-3). 
A comparison of thermal performances of old 
houses and new houses indicated that swing in 
RT in the new houses is less than that in the old 
houses, in addition, the old houses are colder in 
winter and hotter in summer. In terms of loads 
breakdown, the highest percentage of heat gain 
in the majority of the new houses is the internal 
gain, while fabrics loss represents the highest 
percentage of heat loss in both summer and 
winter.  This indicates that that modifying 
thermal performance of these houses by using 
thermal insulation could distinctly improve 
thermal comfort in winter but it may reduce 
heat loss in summer. Furthermore, the highest 
fabrics loss in both summer and winter is walls 
loss while floors gain is the highest fabrics gain 
in winter in all houses. Besides roof gain repre-
sents the highest percentage of fabrics gains in 
the majority of the houses in summer. 
It is recommended to examine night ventilation 
and various combinations of building envelope 
for achieving better indoor thermal environ-
ments in refugees’ houses.  
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